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specification of Letters Patent, . P

Application iiled September 18, 1803. Serial No. 173,691.

Lo all whoem it may concern:

Be it known that I, Bruxo V. NorpBere,
a citizen of the United States, residing at
bhalwaukee, in the county of Milwaulkee and
State of Wisconsin, have invented certain
new and useful Improvements in TFluid-

Operated Engines, of which the following

~1s a specification.
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My present invention relates to fluid-op-
erated engines, and more particularly to
those adapted to deliver a blow, such for
instance as ore-stamps, power-hammers, and
the like. o ,

The invention is illustrated in the accom-
panying drawings, wherein : |

IFigure 1 is a side elevation of a battery
of engines constructed and connected in ac-
cordance with my invention and shown as
applied to a series of ore-stamps; Fig. 2, a
like view, partly in section, of the intermedi-
ate engine, its receiver, and the steam-sup-
ply controlling-mechanism, the parts being
shown upon a somewhat larger scale than
in Fig. 1; and Figs. 3 and 4, side elevations,
showing slightly modified arrangements and
combinations of the engines.

The mvention has for its objects, first, to
combine a series of engines in such a man-
ner that the stroke or blow delivered by each
engine will at all times be the same and in-
dependent of the action of any other engine

1n the series; secondly, to automatically reg-
ulate the steam supply passing to each en-

gine so that the pressure delivered thereto
will remain constant; thirdly, to provide
means whereby any one of the engines of the
series may be cut out for the purpose of re-
pair or the like, without in any manner
affecting the others; and fourthly, to pro-
vide means for automatically regulating the
length of the stroke of the various pistons.

With these and- other minor objects in

view I will now proceed to describe my in-
vention in detail.

Referring first to Figs. 1 and 2, A repre-
sents the high-pressure engine or cylinder,
B the intermediate engine or cylinder, and
C the low-pressure engine or cylinder, the
steam passing to cylinder A through a valve
D, similar to the one shown and claimed in
imy letters Patent No. 741,536, dated Octo-
ber 13,1903. From cylinder A the steam ex-
hausts mto ‘a receiver E, from cylinder B
1mmto a recelver K, and the exhaust from the
low-pressure cylinder C may pass to the at-
mosphere or into a condenser, as found de-

sirable.  Each of the receivers will prefer-
ably be provided with a radiator connected
to the supply of live steam so as to Super-
heat the steam in its passage through the
receiver. »uch construction is not essential

_bm_ﬁ 1S deexped advisable from an economical
point of view.

A valve G+ is interposed between cylinder .

off the passage of
steam from said cylinder to the recelver,

A and receiver E, to cut
when such becomes desirable. When the
steam 1s cut off it is necessary to supply re-
ceiver K from some other source, and for
this purpose a pipe, H, provided with a re-
cucing valve
the live steam supply, said reducing valve
being initially adjusted so as to admit steam
into the receiver at the proper working pres-
sure ol the receiver and to automatically
maintain such proper working pressure. A
salety valve J is also provided for the re-
ceiver and is set so as to open at a point

slightly above the pressure desired to be .

maintained within the recejver. Similar ar-
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I, connects the receiver with
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rangement is made for the receiver F, the

pipe being designated by II’, the reducing-
valve by I’, and the safety-valve by J”.

A pipe K extends from a valve L, located

1n the outlet of receiver E, to the receiver
I¥, said pipe serving to convey
from receiver E to receiver I, when it is
desired to cut out cylinder B. The position

of valve T, will be such as to cause the steam
to pass -through pipe K or into the steam-

chests of eylinder B through valves M and
N which control the same.

exerted in the steam-chests, and consequently
1n the cylinder above and below the piston
respectively. R

Any sultable valve-mechanism for alter-
nately admitting steam to the upper and
lower ends of the cylinder and for permit-
ting 1t to exhanst therefrom into the pipe O,
which leads to receiver F, may be employed.
Pipe O is provided with a valve P, which
of course will be closed when engine or
cylinder B is cut out. The steam which
passes from receiver I' to cylinder C will
be controlled by valves M’, N’. and the ac-
tion of the steam upon the piston will be
controiled by the usual valve mechanism, as
in the case of engines or cylinders A and B.

The operation of the system thus con-
structed and
oteam or other expansive fluid entering

steam directly

. Valves M and
N can be adjusted to regulated the pressure

arranged will be evident.
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through valve D, will operate engine A In
the usual manner, the exhaust passing into
receiver 0. Valve 1., under normal con-
ditions, is adjusted to deliver steam to the
valves 37 and N, which in turn are regulated
to permit the proper volume of steam to
pass to the upper and lower nlet valves
of engine B. The exhaust from engine 13
nasses through pipe O to recelver I, thence
{hroueh valves 37, N/, to the inlet valves of
engine O and finally to the atmospiere or
into a condenser, as found desirable. Should
it Dbeeome necessary to eut out engine A,
valves I and G will be closed, and the steam

requived to operate the remaining engines
of the series will pass through pipe FI and

reducing valve T into receiver I, from
whence it will pass forward as above de-
seribed.
turned to caunse the steam from receiver It
to pass through pipe I to recerver B, valve
T heing at the same time closed.  Fo cut ouy
engine
valves 37, N7, and permit the excess pres-
quve in receiver I to pass out through valve
J’. Shonld engines A and B be cut out of
{he series, then engine C will derive 113
steam from pipe I/, reducing-valve 17 and
receiver 1.

As machines of the character herein ce-
scribed have no connecting-rod or other de-
vice for determining the exact stroke of the
pistons, it is evident that the pressure upon
the pistons must remain tnchanged In oraer
to maintain a constant lenath of stroke.
g refers not only to the forward pressure
on the piston but also to the back pressure,
which, in a compound or triple-exp ansion
system, is the same as the Formward pressure
i the next evlinder of the series. 1If, for
imstance, the back pressure be increased
while the stamp piston is lifted, 16 will not
1L as hieh as with normal back pressure.
The sume rvesult is had whenever the fTos-
ward pressure to lift the stamp falls from
any canse. Again, if anything occurs to de-
crense the back pressure. the siroke will be
lengthened and there will be danger ot the
pisten’s coming into contact with the cylin-
der-head and causing hreakage of the parts.
The hoiler pressure can be kept under per-
foet control.  The back pressure on the low-
pressure stamp can aiso be kept under per-
foet confrol, and will be either the atmos-
pheric pressure or the vacuunm produced by
{he condencer. If the condenser be large
enouch and in good working order, 1t wal
mainiain a constant vacunum under widely
varying conditions of load. "The pressure
‘n the receiver of a compound stamp (I1gs.
3 and 4), or in the two receivers L ana i
of the triple-expansion system shown in Fig.
1 is, however, subject to variations, pai-
ticularly where the high and low-pressure
pistons operate on independent stamps.

To cut out engine B3, valve I 18

it is simply mnecessary to close

1t |
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is impossible to feed the rock into the
mortars with sufficient regularity to prevent
variation in the length of the stroke, due to
2 greater or less quantity of rock under the
stainps. and such variation means a greater
or less volume of steam exhausted into the
receivers or taken therefrom, depending
apon the action of the high or low-pressure
piston.  In order, therefore, to produce a
steady running stamp, it is of vital )

1M -
portance to have the recerver pressute uncer
«s perfect control as the boiler pressure or
the vacnum. To accomplish this, I employ
2 cut-off valve on the steam inlet of each of
the low-pressure cylinders, said valve work-
ing in conjunction with an expansion gear oP-
arated and controlled by the steam pressure
in the receiver. In the construction shown
(see Fig. 2), Q denotes a cylinder which is
connected at its lower end to the receiver I
by a pipe R. A piston S works mn the cylin-
der, and a weight T is mounted upon the
niston rod, said weight tending to counter-
act the steam pressure acting upon the lower
frce of the piston. TIf desived, a spring may
he substituted for the weight. The piston
cod is conmected to a bell-crank lever U,
which in turn is connected to an arm V of
the cut-off valve or device, and a second arm
W is connected to one end of a rod &, the
other end of which carries a piston or plun-
ser working in a cylinder ¥ filled with o1l.
This dash-pot, as 1t may be termed, tends
{o dampen the action of the regulating de-
vice. _

The connections and arrangements of the
parts arve such that should the receiver pres-
cure rise and as a result 1ift the piston 5 and
weioht T, the cut-off valve will be moved to
admit a greater volume of steam into the
evlinder 13, thereby increasing the mean of-
fective pressure in said eylinder for the time
Leing. It is evident, theretore, thut a 1r1se 11

-

the receiver pressure will be followed by a
orveater discharge of steam Into the cylinder,
and conversely, a fall in the recelver pressure
will position the parts so as to allow a
cmaller fow of steam into the cylinder,
thereby causing an increase 1n the recelver
pressure. 'The result of these two opera-
Hons will be to maintain a constant pressure
in the receiver, or, in other words, the ac-
tion of the parts will be such as to neufralize
any rvise or fall of pressure n the receiver.
With a triple-expansion system, such as
shown in Fig. 1, a regulating device will be
provided for each receiver and the cylinder
or engine working in conjunction thereswith.
Tt is apparent that the effect of increasing
the weight will be to increase the I'ece1ver
pressure, which increases the work done In
the low-pressure cylinder, while 1t decreases
the work done in the high-pressure cylinder
heeause the receiver pressure is equal to the
back pressure in the high-pressure cylinder.
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By the mechanism thus described, it is there-
tore possible to regulate the load of the dif-
ferent cylinders in series with each other,
which 1s of importance in a stamp-mill de-
signed to give an equal output of all the
stamps. '

It 1s manifest that the arrangement of
the piping for connecting the engines and
recelvers may be materially varied without
departing from the spirit or purpose of the
present Invention. For instance, in Fig. 8,
two engines—a high-pressure engine ¢ and
a low-pressure engine b, connected to an in-
termediate receiver ¢—are shown. TUnder
this construction separate valves, d and e,
control the admission of steam to the upper
and lower 1nlet valves of the engine ¢, and
the by-pass K is omitted. With the engine
O out of operation, engine ¢ will continue to
work, 1ts exhaust passing out through the
safety valve J2 With engine ¢ cut out of
the series, steam will pass into receiver ¢,
through pipe H? and reducing valve 12,

In Fig. 4 a still further arrangement is
shown, wherein the pipe £, passing from the
high-pressure engine to the receiver, is pro-
vided with a three-way valve. A pipe 2,
leading from said valve, permits its high-
pressure engine ¢ to exhaust to the con-
denser, or directly into the atmosphere, when
the low-pressure engine is not working.

Having thus described my invention, what
1 claim 1is: | '

1. In combination with a series of engines

each having a free piston adapted to deliver

a blow, means for supplying steam to the
irst engine in the series; a receiver located
intermediate each pair of engines in the
series; and means for automatically supply-
g steam directly to each of the receivers
independently of the exhaust from the pre-
ceding engine when the pressure in the re-
cerver falls below a predetermined point.

2. In combination with a series of engines
each having a free piston adapted to deliver
a blow, means for supplying steam to the
first of said engines in the series: a receiver
located intermediate each pair of engines
in the series; means for supplying steam di-
rectly to each of the receivers independ-
ently of the exhaust from the preceding
engine when the pressure in the receiver
falls below a predetermined point, or the ex-
haust from the preceding engine is cut off
therefrom; and means for permitting any
one of the engines in the series to be cut out
of operation without affecting the continued
operation of the other engines in the series.

3. In combination with a series of engines
each having a free piston adapted to deliver
a blow independently of the others, means
tor admitting steam to the first engine of
the series; a receiver located between each
pair of engines in the series and adapted to
receive the exhaust steam from the preced-

2

ing engine and to deliver it to the next suc-
ceeding engine in the series; means operated
by the pressure in each of the receivers for

controlling the stroke of the piston in the

engine to which it delivers its steam; and

means acting in conjunction with the ex-

haust steam for maintaining a constant pres-
sure 1n the receiver. -

4. In combination with a series of engines
each having a free piston adapted to deliver

a blow independently of the others, a receiver

motnted intermediate each pair of engines
in the series and adapted and arranged to
deliver the exhaust steam from the preced-
Ing engine to the next succeeding engine in
the series; and means acting in conjunction
with the exhaust steam to secure a constant
pressure 1n the recelvers.

5. In combination with a series of engines

working upon the expansive system and each

adapted to deliver a blow independently of
the others, means for delivering steam to the
first engine in the series; a receiver mounted
intermediate each pair of engines in the
series and adapted to receive the exhaust
steam from the engine preceding it and to
deliver the exhaust steam to the succeeding
engine; means controlled by the pressure in
each of the receivers, for controlling the
amount of steam passing from said receiver
to the engine into which it delivers; and
means for supplying steam directly to each
of the receivers independently of the ex-
haust from the engine next preceding.

6. In combination with a hioh-pressure
engine, a low-pressure encine and an inter-
mediate low-pressure engine; a receiver lo-
cated between the high-pressure engine and

the intermediate engine; a second receiver

located- intermediate the low-pressure en-
gines, each of said receivers receiving the
exhaust steam from the preceding engine
and delivering it to the next succeeding en-
gine; means for controlling the volume of
steam delivered from said receivers to the
upper and lower faces, respectively, of the
pistons of the low-pressure engines: roeans
tfor passing the steam directly from the first
receiver to the second receiver independ-
ently of the intermediate engine: and means
tor supplying steam directly to each of said
receivers when the pressure therein falls be-
low a predetermined point. -
7. In combination with a high-pressure
engine, a low-pressure engine and an inter-
mediate low-pressure engine: a receiver lo-
cated between the high-pressure eroine and
the intermediate engine; a second receiver
located intermediate the low-pressure en-
gines, each of said receivers receiving the
exhaust steam from the preceding engine
and delivering it to the next succeeding en-
gine; means for controlling the volume of
steam delivered from said receivers to the
upper and lower faces, respectively, of the
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pistons of the low-pressure engines; means
for passing the steam directly from the first

roceiver to the second receiver independently

of the intermediate engine; means for sup-
plying steam directly to each of said re-
ceivers when the pressure therein falls below
a predetermined point; and means, con-
trollable by the pressure in each of said re-
ceivers, for operating a cut-off valve work-

10 ing in the delivery end of each of sald low-

pressure engines.

3. Tn combination with a series of engines
cach having a free piston adapted to deliver
a blow independently of the others, means
for admitting steam to the first engine of
the series: a receiver located between each

098,032

pair of engines in the series and adapted to
receive the exhaust steam from the preced-
ing engine and to deliver 1t to the next suc-
ceeding engine in the series; means operated
by the pressure in each of the receivers for
controlling the stroke of the piston in the
engine to which it delivers its steam; and
means for securing a constant pressure 1n
the recelvers.

In testimony whereof T have signed my
name to this specification in the presence of
two subscribing witnesses.

BRUNO V. NORDBERG.

Witnesses:

. C. DAYERLEIN,

Gro. W. Lowe.

Copies of this patent may be obtained for five cents each, by addressing the © Commissioner of katents,
Washington, D. G.”
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